Introduction

Folliculogenesis
is spectacular not only because a primordial follicle may increase in diameter 400-to 600-fold before ovulation but because the growth of 500 to 1000 primordial follicles each oestrous cycle usually results in development of only a few ovulatory follicles. The fact that during the lifespan of an animal 99.9% of the primordial follicles fail to ovulate illustrates not only that development of an ovulatory follicle is an extremely rare biological event but also that the process of folliculogenesis is complex. & Hodgen (1983) suggest the use of the following terms for describing folliculogenesis: reeruilnient-a gonadotrophin-dependent event during which a group of follicles gain the ability to respond to gonadotrophins and require gonadotrophins for continued growth; selection-a process whereby only a few of the 'recruited' follicles are 'selected to escape atresia and survive to ovulate; and dominance -the mechanism that an ovulatory (or dominant)
Goodman
follicle(s) uses to escape atresia The phenomenon of dominance is central to understanding folliculogenesis since it suggests that some follicles survive in a milieu suppressive to growth of other follicles, or that some follicles prevent growth of other follicles (Goodman & Hodgen, 1983) .
This review will focus on the characteristics of development of dominant, follicles during oestrous cycles, the mechanism of action of gonadotrophins during folliculogenesis, the potential intragonadal regulators of follicular growth and function, and the possible role of intragonadal regulators on recruitment and selection of the dominant follicle.
Endocrine and receptor changes that characterize the development of dominant follicles
The change in concentration of oestradiol in each ovarian vein during an oestrous cycle is the best endocrine marker for depicting the selection and dominance processes. These processes are associated with a unique follicular hierarchy, symmetrical and asymmetrical ovarian production of oestradiol, and marked changes in binding of human chorionic gonadotrophin (hCG) to follicles, Ireland & Roche, 1987.) especially in primates and cattle (Goodman & Hodgen, 1983; Ireland & Roche, 1987 (Ireland et al., 1985; Fogwell et al., 1985) . Coinciding with each cycle of development of a dominant
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follicle is a marked increase in the ability of the dominant follicle to bind hCG specifically (Ireland & Roche, 1982 , 1983a 
Response systems
Gonadotrophins bind to their receptor sites and activate the adenylate cyclase-cAMP response system. This results in activation of protein kinases and phosphoryla Lion of various proteins that may be involved in folliculogenesis (Fig. 3) . Adenylate cyclase is comprised of a regulatory subunit which interacts with the hormone-receptor complex. This subunit, called the G or N protein, is activated by guanine nucleotides and magnesium. Adenylate cyclase also contains a catalytic subunit which metabolizes ATP into cAMP when it is bound to the N subunit (Birnbaumer 8c Kirchick, 1983) . Sustained high concentrations of gonadotrophins and slow rates of dissociation of gonadotrophins from their receptors result in abrogation of the receptor-adenylate cyclase-cAMP response system. This results in a temporary or permanent desensitization of the adenylate cyclase 
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in follicular cells to further gonadotrophin stimulation (Birnbaumer & Kirchick, 1983) . During folliculogenesis, changes in episodic patterns of secretion of gonadotrophms, such as during a preovulatory gonadotrophin surge, may not only promote luteinization of granulosa cells and ovulation but also result in the demise of some populations of follicles (permanent desensitization) and enhance growth of others. FSH increases the proposed regulatory subunit for protein kinase (R,,, Richards & Rolfes, 1979) , the mRNA for this protein (Hedin et al., 1986 ) and phosphorylation of several granulosa cell proteins (Richards et al., 1983) . The specificity of action of gonadotrophins therefore resides in the specific proteins which are phosphorylated in the granulosa and theca cells. It is not known whether proteins that are phosphorylated in response to gonadotrophin action are involved in induction of receptors, activation of enzymes for steroidogenesis. control of the lutemization process or other facets of folliculogenesis. Several neurotransmitters, peptides and growth factors that have a role in folliculogenesis not only activate the cAMP response system but also activate phosphoinositide metabolism after binding to membrane receptors. Phosphoinositide metabolites, at least in other cell types, are involved in release of arachidonic acid for prostaglandin synthesis, activation of protein kinase C, calcium mobilization, and activation of guanylate cyclase for cGMP production. Oncogenes which are proposed to regulate all aspects of cellular growth are also linked to the phosphoinositideresponse system (Berridge, 1984) . Although it is unknown whether activation of the phosphoinositide-response system explains many of the well-known actions of gonadotrophins during folliculogenesis (Fig. 4) , incubation of pig granulosa cells with LI-1,but not ESTI or cAMP, results in accumulation of inositol phosphates in the medium (Dimino & Snitzer, 1986) .
Steroidogenesis
The undifferentiated thecal cell is incapable of synthesizing androgens although it contains LH receptor (Erickson el al., 1985) . During folliculogenesis, the theca cell responds to LH primarily by activation of the side-chain cleavage enzymes and the 17u-hydroxyprogesterone and 17-20-desmolase enzyme systems (Erickson ca al.. 1985) , allowing the theca cell to synthesize androgens. During folliculogenesis a granulosa cell, which does not produce androgens, is incapable of producing oestradiol until the theca cell differentiates into an androgen-producing cell (Fig. 5) .
FSH and LH enhance the uptake of lipoproteins. liberation of cholesterol from lipoproteins, mobilization of cholesterol, conversion of cholesterol into pregnenolone through activation of the mitochondrial side-chain cleavage enzyme system and conversion of pregnenolone to progesterone through activation of the 313-hydroxysteroid dehydrogenase enzyme system in granulosa cells. 1985; Hsueh et al., 1984; Leung & Armstrong, 1980) . Degree of darkness of arrows between steroids represent primary steroid synthesized. Arrows pointing to enzymes indicate whether enzyme activity is stimulated (-I-) or inhibited ( -) by ESH or LH. Arrows from one cell to the other represent diffusion of steroid either from cell to cell or through the capillary network surrounding a follicle. Arrows from arteriole represent uptake LIDL/LDL = high or low density lipoproteins, CHOL = cholesterol, PREG = pregnenolone, PROG = progesterone, ANDRO = androgens, SCC = mitochondrial side-chain cleavage enzymes. 3i3EISD= 1113-hydroxysteroid dehydrogenase, 17aH, 17-20 DESMO = 17u-hydroxylase a nd 17-20-desmolase. Although a granulosa cell responds to LH by increasing the production of progesterone and oestradiol. FSH priming is required for this steroidogenic effect (Hsueh et al., 1984) . In some species, such as pigs, the theca cell possesses an active aroma tase enzyme system (Evans et al., 1981) which diminishes the role of FSH in oestradiol production, at least during some stages of folliculogenesis. However, in most species, granulosa rather than theca cells possess the major aroma tase activity (Leung & Armstrong, 1980) . Ability of the theca cell to produce androgens precedes acquisition of the aromatase system by granulosa cells in cattle (McNatty et al., 1984) . Moreover, on each day of the cycle in cows, 20-60 antral follicles may produce androgens, whereas only 1-3 antral follicles are able to metabolize androgens into oestrogens. This clearly illustrates that acquisition of the aromatase system, which is regulated by FSH (Leung & Armstrong, 1980) , is a key maturation step during folliculogenesis for initiation of the dominance process.
Many factors, which could inhibit synthesis of oestradiol, such as FSH and LH binding inhibitors and follicular regulatory protein, are present in follicular fluid (Table I) . It is unknown whether dominant follicles use these factors to inhibit development of other follicles or are spared from the inhibitory effects of such factors. The activity of the steroidogenic enzymes and, in turn, oestradiol synthesis by a dominant follicle may not only be controlled by inhibitory proteins but by a complex interaction of ovarian steroids with steroidogenic enzymes (Leung & Armstrong, 1980) . For example, androgens enhance aromatase activity whereas oestrogens inhibit androgen production. It is possible that ovarian steroids mediate their effects on steroidogenesis through synthesis of various intragonadal regulators of steroidogenic enzyme activity.
itilodulators of gonadotrophin action
Various steroids and proteins enhance FSH action. For example, oestradiol, androgens, progesterone. LH, insulin, platelet-derived growth factor, insulin-like growth factors (Hsueh et al.. 1984) and transforming growth factor beta (Dodson & Schomberg, 1986) all enhance various aspects of FSH action, including induction of FSH or LH receptors and progesterone or oestradiol synthesis. In contrast, pharmacological doses of LH or FSH, glucocorticoids, fibroblastic growth factor, epidermal growth factor, calcium inhibitors (lisueh et al., 1984) , transforming growth factor beta (Knecht & Feng, 1986) . and follicular regulatory protein (diZerega et al., 1984) all inhibit FSH action. The mechanisms of action of these modulators of FSH action are unknown.
Oestradiol is the best studied amplifier of FSH action. For example, in laboratory species, oestradiol markedly enhances the ability of FSH to increase its receptor in granulosa cells (Richards, 1980) . Indeed, synthesis of oestradiol is required for FSH to promote folliculogenesis (Tonetta & Ireland, 1984; Tonetta et al., 1985) . Since oestradiol does not increase the FSH receptor (Richards et al., 1976) , the catalytic subunit of protein kinase (Richards et al., 1984) , the regulatory subunit of protein kinase (Ratoosh & Richards, 1985) , and only slightly increases adenylate cyclase activity (Jonassen et al., 1982) , its action remains a mystery. Nevertheless, oestradiol has a wellknown role in protein synthesis in many tissues, and so oestradiol-induced granulosa or theca cell proteins may be involved in enhancement of FSH action. It awaits to be determined whether these oestradiol-induced proteins include some of the various factors known to enhance FSH action.
Potential intragonadal regulators of follicular growth and function
The role of most of the various intragonadal hormonal and non-hormonal and putative regulatory factors (Table 1) in folliculogenesis is unknown. The intriguing possibility exists, however, that many of these factors operate in an endocrine, paracrine and autocrine fashion to regulate development of dominant follicles. (Downs et al., 1985) and shown to possess the ability to inhibit oocyte maturation in vitro. Whether these purines represent the elusive oocyte maturation inhibitor (OMI) or a mediator of OM I activity remains to be determined.
An abundance of factors of unknown molecular identities also exists in follicular fluid and may be involved in regulating granulosa and theca cell function (Hammond, 1981; Sairam & Atkinson, 1984 ; see Table I ). The most recent potential intragonadal regulator of follicular function was discovered by Men et al. (1986) in rat, human, sheep and cow ovaries. This factor, which is absent from follicular fluid, inhibits binding of radioactive GnRH to rat ovarian membranes. GnRH modulates gonadotrophin action in rats but not in other species, and high-affinity receptors for GnRH are found in rat ovaries but not ovaries of other species (1-Isueh & Jones, 1981). The newly discovered ovarian factor is not GnRH since, unlike GnRH, it is heat-sensitive, its activity elutes differently than GnRH during HPLC, and it does not possess GnRH immuno-reactivity. Whether this ovarian factor has anti-gonadal properties in humans and domestic species awaits determination.
Recruitment and selection of the dominant follicle
In theory, the cyclic appearance of the ovulatory quota of dominant follicles throughout an oestrous cycle (Fig. 1 ) may involve the interaction of gonadotrophins with various intragonadal factors. Intragonadal factors would modulate the action of gonadotrophins such that only a few follicles are selected to become dominant.
Recruimient
Hypophysectomy, or short-term suppressions of FSH in blood, clearly inhibits development of preantral and antral follicles (Nakano et al., 1975; Carter et al., 1961) . FSH alone restores antral follicle development (Richards, 1980) . Since preantral follicles possess FSH receptors (Hsueh et aL, 1984) , gonadotrophin responsiveness (recruitment) may be developed during this stage of folliculogenesis. Once this occurs, the preantral follicle is thereafter dependent on FSI-1 support for continued development into a dominant follicle (Richards, 1980) . In laboratory species, the prooestrous and oestrous rises in FSH during one cycle regulate the recruitment of follicles for ovulation in the next cycle (Hirshfield & Midgley, 1978; Chappel & Selker, 1979) . These data illustrate that FSH has a major role in the recruitment process. Similar studies were attempted in sheep but failed to alter the ovulation quota. However, unlike the study of Chappel & Selker (1979) in laboratory species, the post-ovulatory increase in FSH was only partly obliterated in sheep (Bindon & Piper, 1984) . et al., 1979) . Further evidence for the sensitivity of the dominant follicle-pituitary feedback system is best shown in the studies of Zeleznik (1981) , Zeleznik et al. (1985) . Dierschke et al.(1985) , Pathiraja et al. (1984) and Webb & Gauld (1987 (Hisaw, 1947; Richards, 1980) , is in remarkably greater concentrations in dominant follicles than in other co-existing follicles (Ireland & Roche, 1982 , 1983a 
